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(54) Cable semiconducting shield 



(57) A composition comprising (i) 98 to 99.8 percent 
by weight of a crosslinkable, semiconducting sticky 
elastomer, and (ii) 0.2 to 2.0 percent by weight of an 
organic peroxide blend containing 70 to 90 percent by 



weight of a eutectic bis(alpha-t-butyl peroxyisopropyl) 
benzene and 10 to 30 percent by weight of a peroxide, 
which peroxide is liquid at minus 10 to plus 25 degrees 
Celsius. 
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Description 

Field of the invention 

[0001] Th.s .nvent,on relates to composes useful in the preparat.on of cable semiconducting sh.elds. 
Background of the Invention 

Typical shield companions coraam a polyoMn. such as ethylene/,,,,,, acale copol^e, » h,^ "L? " * f 

[0004] The crossl,nk,n 9 of polymers with free radical initiators such as organic peroxides is well known r»n» „ 
[n ^ hi^ ^-i P^*^*'d® incorporation into a polymeric compound is to mix liquid peroxide an^p^lete oMI^ o^v^^ir 

.s concerned, and have not led to the solution of the sticky elastomer problem ^ er ° X,deS ' nS ° ,ar 35 prema,ure cure 
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Disclosure of the Invention 

[0008] An object of this invention, therefore, is to provide e composition useful in the preparation of semiconducting 
shields containing sticky elastomers. This composition will contain, in addition to the sticky elastomer, a mixture of 
organic peroxides, which is low melting and exhibits low volatility and improved scorch resistance relative to organic 
peroxide blends that contain dicumyl peroxide and/or the like. Other objects and advantages will become apparent 
hereinafter. 

[0009] According to the invention, a semiconducting shield composition has been discovered which meets the above 
object. The composition comprises (i) about 98 to about 99.8 percent by weight of a crosslinkable, semiconducting 
sticky elastomer, and (ii) about 0 2 to about 2.0 percent by weight of an organic peroxide blend containing about 70 to 
about 90 percent by weight of a eutectic bis(alpha-t-butyl peroxyisopropyl)benzene and about 10 to about 30 percent 
by weight of a peroxide, which is liquid at about minus 10 to about plus 25 degrees C. 

Description of the Preferred Embodiment(s) 

[0010] This invention is particularly concerned with sticky elastomers. The term "sticky" as it applies to elastomers 
is defined as an elastomer which, although particulate at temperatures below the sticking temperature, agglomerates 
at temperatures at or above the sticking temperature. The term "sticking temperature", in the context of this specifica- 
tion, is the temperature at which elastomeric panicles agglomerate under extrusion and/or crosslinking conditions. 
Generally, the sticky elastomers are polymers, which are either amorphous or have a cryslallinily of less than about 
10 percent by weight. An example is a copolymer of ethylene and an unsaturated ester which obtains its stickiness 
from the unsaturated ester, the higher the content of unsaturated ester the greater the stickiness. An ethylene/vinyl 
acetate copolymer having a vinyl acetate content of 33 percent by weight, for example, will have a sticking temperature 
of about 30 degrees C. 

[001 1] The sticking temperature of an elastomer is the temperature at which pellets or granules of the elastomer will 
begin to agglomerate or st*ck to each other, thus preventing free flowing material. This temperature can be measured 
by several methods A common method is to place a 100 gram sample of pellets or granules in a 500 mL jar in a 
controlled temperature environment. The temperature is then determined at which the pellets or granules are no longer 
free-flowing materials after exposure to temperature for a prescribed time. 

[0012] Component (i) is any crosslinkable sticky elastomer useful in semiconducting shield compositions. These 
sticky elastomers usually agglomerate at temperatures in the range of about 30 to about 40 degrees C. Examples of 
these elastomers follow. They are generally free flowing, granular resins prepared by conventional gas phase proc- 
esses. Alternatively, the sticky elastomers can be blends of poryolefins and emulsbn process elastomers such as 
acrylonitriiebutadiene rubber 

[001 3] The elastomers most commonly used in semiconducting shield compositions are copolymers of ethylene and 
unsaturated esters having an ester content of at least about 1 0 percent by weight based on the weight of the copolymer 
The ester content is often as high as 80 percent by weight, and, at these levels, the primary monomer is the ester. The 
preferred range of ester content is about 30 to about 45 percent by weight. The percent by weight is based on the total 
weight of the copolymer. Examples of the unsaturated esters are vinyl esters and acrylic and methacrylic acid esters. 
The ethylene/unsaturated ester copolymers are usually made by conventional high pressure processes. These high 
pressure processes are typically run at pressures above 15,000 psi (pounds per square inch). The copolymers can 
have a density in the range of 0.900 to 0.990 gram per cubic centimeter and preferably have a density in the range of 
0.920 to 0.970 gram per cubic centimeter. The copolymers can also have a melt index in the range of about 10 to about 
1 00 grams per 10 minutes, and preferably have a melt index in the range of about 20 to about 50 grams per 1 0 minutes. 
Melt index is determined under ASTM D-1238, Condition E. It is measured at 190° C and 2160 grams. 
[0014] The ester can have about 4 to about 20 carbon atoms, and preferably has about 4 to about 7 carbon atoms. 
Examples of vinyl esters are vinyl acetate, vinyl butyrate, vinyl pivalate, vinyl neononanoate, vinyl neodecanoate, and 
vinyl 2-ethylhexanoate. Vinyl acetate is preferred. Examples of acrylic and methacrylic acid esters are lauryl methacr- 
ylate. myristyl methacrylate; palmityl methacrylate; stearyl methacrylate; 3-methacryloxypropyltrimethoxysilane; 
3-methacryloxyp ropy Itriethoxy si lane; cyclohexyl methacrylate: n-hexylmethacrylate; isodecyl methacrylate; 2-methox- 
yethyl methacrylate; tetrahydrofurturyl methacrylate: octyl methacrylate; 2-phenoxyethyl methacrylate; isobornyl meth- 
acrylate; isooctylmethacrylate: octyl methacrylate; isooctyt methacrylate; oleyl methacrylate: ethyl acrylate; methyl acr- 
ylatc: t-butyl acrylate: n-butyl acrylate; and 2-othylhcxyl acrylate. Methyl acrylate, ethyl acrylate, and n- or t-butyl acr- 
ylate are preferred. In the case of alkyl acrylates and methacrylates, the alkyl group can have about 1 to about 8 carbon 
atoms, and preferably has about 1 to about 4 carbon atoms As noted above, the alkyl group can be substituted with 
an oxyalkyttrialkoxysilane, for example. 
[0015] Other examples of elastomers are as follows: 
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IR (polyisoprene) 
BR (polybutadiene) 

SBR (polymer of butadiene copolymerized with styrene) 

Nitrile (polymer of butadiene copolymerized with acrylonitrile). These elastomers are also referred to as nitrile 

I UUUc I S . 

Butyl (polymer of isobutylene copolymerized with isoprene) 
EPM (polymer of ethylene copolymerized with propylene) 

eTh y D .^ 0 nor e bomeS ,ene COp °* m9riMd W " h pr ° Py,ene and a diene such as h ~adiene. dicyc.opentad.ene or 
Copolymers of ethylene and a C3-C12 alpha-olefin 

Terpolymers of ethylene, an alpha olefin (C3-C12). and a diene (preferably non-conjuqated) 

Neoprene (polychloroprene) 

Silicone (polydimethyl siloxane) 

Copolymers of ethylene and vinyltrimethoxy silane 

Copolymers of ethylene and one or more of acrylonitrile or maleic acid esters 

Copolymers of butadiene and isoprene 

Polystyrene 

Terpolymers of styrene, butadiene, and isoprene 
Chlorooutyl (chlorinated copolymer ol isobutylene and isoprene) 
Bromobulyl (brominaled copolymer o( isobutylene and isoprene) 
Brominated copolymer of isobutylene and paramethylstyrene 

[0016] The ethylene polymers useful in subject invention are preferably produced in the gas phase They can also 
be produced „ the liquid phase in solutions or slurries by conventional techniques. They can be produced I by high 

ZTZ* °h PrC l SUrC prOCCSSCS L0W P rcssurc P rocossos ™ typically run at pressures below 1000 psi whereas 
as noted above, nrgh pressure processes are typically run at pressures above 15,000 psi Typical catalyst systems' 

12 ZTLTf T P T are H theSe P °' ymerS ™9--^anium ^sed catalyst systems, wh^h can be exem 
plrf.ed by the catalyst system desenbed in United States patent 4,302.565: vanadium based catalyst systems such Ts 
those desenbed ,n United States patents 4,508,842 and 5,332,793; 5,342,907; and 5.410.003 a chromTurr Abased 
catalyst system such as that described in Unrted States patent 4, 1 01 .445: a metallocene catalyst systemTuch as thai: 
desenbed ln Umted States patents 4.937,299 and 5,31 7,036. or other transition meta, catatyst systems ^^0^ 

T^Zl e olt f : T re, r fed ,0 35 Zie 9 ,er - Natta catalvs < systems. Catalyst systems, which use chrom 1 or 
molybdenum oxides on s.l.ca-alum.na supports, are also useful. Typical processes for preparing the polymers are also 
desenbed ,n the aforementioned patents. Typical in situ polymer blends and processes and catalyst^S^ to pro 
v.d.ng same are described in United States Patents 5,371 ,145 and 5,405,901 . A conventional high pSssuTe 
is desenbed ,n Introduction to Polymer Chemistry, Stille, Wiley and Sons, New York, 1962, pages 149 to 15 The 
strcky elastomers other than the ethylene polymers are also prepared by conventional processes 
k !LI am ° Um °' com P° nen t « in the semiconducting shield composition can be in the range of about 98 .0 
about 99 .8 percent by weight, and is preferabfy ,n the range of about 99 ,0 about 99.6 percent by ^wihf T^ loum 

iT^Tr^ Ca ?, ^ " ran9e * ab ° U ' 0 2 ,0 ab0Ut 2 0 percent b * and is p etoab y J" the range o 

nents ^(5° PerCem ^ P6rCen,a9eS * ™ bM ° d ° n ^ C ° mbined -'9^ compo 

[0018] Component (ii) is a blend of a eutectic b,s-organic peroxide, which is defined as a mixture of para and meta 

de°scnL hT °T niC biS " PerOXide WhSre,n ,he 1SOmerS are m eu,ectic Wum, and a l.qu,^ c pefoxrdl 
desenbed below. For the case ot bis(al P ha-t-butvl peroxyisopropyDbenzene. the eutectrc pent is at a 78 22 meta para 

iT \T me,a ,0 Para WSi9ht ra,i ° Can be in ,he ran 9 e of abou < 3:1 ^ about 4.5 , Cc^mercXades 

of bisja.pha-t-buiy, peroxyisopropyDbenzene are genera.* produced at a meta:para weight ra„o of 6?S Sh s the 
consequence o the thermodynamic equilibria o. the reactants and reactor conditions used ,0 make the pe^e The 
eu,ec«,c blend o t b, S( a.pha-t-buty. peroxyisopropyDbenzene can be prepared by adding purified meta-bis(alpha H -buM 
peroxy.sopropyObenzene to commercially available bis(alpha-t-butylperoxyisopropyl)benzene 

b^n?i B I h 0 ?,, f tnH C,,0n ^ T" ,empera,ure °' bis(al P ha-t-butyl peroxyisopropyDbenzene at the eutectic isomer 
rr^on, T 9reeS C fela,,Ve ,0 ,he com ™«ia»y available 65:35 metapara weight ratio blend 

[0020] The low mclt.ng eutectic b,s(alpha-t-butyl peroxyisopropyDbenzene is then blended with a small amount of a 
l.qu,d organic peroxide, such as terl-butyl cumyl peroxide, to turlher reduce the melt temperature of the peroxide blend 
These hqu.d peroxides are liquid at temperatures .n the range of about minus 10 to about plus 25 degrees C The 
organic perox.de blend contains about 70 to about 90 percent by weight of a eutectic bis(alpha-t-butyl peroxyisoprooyl) 

85 oeTenTb T^ITT 30 PerCen ' * ^ * H *" d ^ P °™^ ™* P-'erablyabou, 75 to ££ 
85 percent by we.ght of the brs-perox.de and about 15 to about 25 percent by weight of the liquid peroxide. The low 
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level of liquid peroxide minimizes the volatility problem while optimizing the melt temperature reduction. The further 
reduclion in temperature as a resull of the addilion of the liquid organic peroxide is generally in the range of about 5 
to about 20 degrees C. Examples of useful liquid peroxides are t-butyl cumyl peroxide, 2.5-bis(t-butylperoxy)2.5-dimeth- 
ylhexyne-3 2.5-bis(t-butylperoxy)2.5-dimethylhexane. isopropylcumyl-t-butylperoxide. and cumyl isopropylcumylper- 
oxide. 

[0021] Conventional additives, which can be introduced into the formulation, are exemplified by antioxidants, coupling 
agents, ultraviolet absorbers or stabilizers, antistatic agents, pigments, dyes nucleating agents : reinforcing fillers or 
polymer additives, slip agents, plasticizers. processing aids, lubricants, viscosity control agents, tackif iers. anti-blocking 
agents, surfactants, extender oils, metal deactivators, voltage stabilizers, flame retardant fillers and additives, crosslink- 
ing agents, boosters, and catalysts, and smoke suppressants. Fillers and additives can be added in amounts ranging 
from less than about 0. 1 to more than about 50 percent by weight based on the weight of the composition. 
[0022] In order to provide a semiconducting shield it is necessary to incorporate conductive particles into the com- 
position. These conductive particles are generally provided by particulate carbon black. Useful carbon blacks can have 
a surface area of about 50 to about 1000 square meters per gram. The surface area is determined under ASTM D 
4820-93a (Multipoint B E T. Nitrogen Adsorption). The carbon black is used in the semiconducting shield composition 
in an amount of about 20 to about 60 percent by weight based on the weight of the composition, and is preferably used 
in an amount of about 25 to about 45 percent by weight. Examples of conductive carbon blacks are the grades described 
by ASTM N550, N472, N351, N110, and acetylene black. 

[0023] Examples of antioxidants are: hindered phenols such as tetrakis[methylene(3,5-di-tert- butyl-4-hydroxyhy- 
drocinnamate)]melhane, bis[(beta-(3.5-dilerl-butyl-4-hydroxyben^yl)methylcarboxyethyl)]sulphide : 4.4'-thiobis(2-me- 
thyl-6-tert-butylphenol), 4.4'-thiobis(2-tert-butyl-5-methylphenol). 2.2Mhiobis(4-methyl-6-teil-butylphenol), and thiodi- 
ethylene bis(3,5-di-tert-butyl-4-hydroxy)hydrocinnamate: phosphites and phosphonites such as tris(2.4-di-tert-butyl- 
phenyl)phosphite and di-tert-butylphenylphosphonite; thio compounds such as dilaurylthiodipropionate, dimyristylthi- 
odi prop ion ate, and distearylthiodipropionate: various siloxanes: and various amines such as polymerized 2 2,4-trime- 
thyl-1,2-dihydroquinolinc : 4,4'-bis(alpha.alpha-dcmthylbcnzyl)diphcnylaminc. and alkylated diphcnylamincs. Antioxi- 
dants can be used in amounts of about 0.1 to about 5 percent by weight based on the weight of the composition. 
[0024] A cable containing the semiconducting shield composition of the invention can be prepared in various types 
of extruders, e.g., single or twin screw types. Compounding can be effected in the extruder or prior to extrusion in a 
conventional mixer such as a Brabender™ mixer or a Banbury rM mixer A description of a conventional extruder can 
be found in United States patent 4.857,600. An example of co-extrusion and an extruder therefor can be found in United 
States patent 5.575.965. A typical extruder has a hopper at its upstream end and a die at its downstream end. The 
hopper feeds into a barrel, which contains a screw. At the downstream end. between the end of the screw and the die. 
is a screen pack and a breaker plate. The screw portion of the extruder is considered to be divided up into three 
sections, the feed section, the compression section, and the metering section, and two zones, the back heat zone and 
the front heat zone, the sections and zones running Irom upstream to downstream. In the alternative, there can be 
multiple heating zones (more than two) along the axis running from upstream to downstream. If it has more than one 
barrel, the barrels are connected in series. The length to diameter ratio of each barrel is in the range of about 15:1 to 
about 30:1. In wire coating, where the material is crosslinked after extrusion, the die of the crosshead feeds directly 
into a heating zone, and this zone can be maintained at a temperature in the range of about 130°C to about 260°C, 
and preferably in the range of about 170°C to about 220°C. 

[0025] The advantages of the invention lie in the ability to add organic peroxide to granules or pellets of a semicon- 
ducting shield composition, which contains a sticky elastomer at a temperature range where the organic peroxides 
will melt and flow easily. With this invention, the organic peroxide and semiconducting elastomer will be a homogeneous 
mixture without the accumulation ol peroxide crystals on the pellet surface. In addition, the processing temperature 
will be below the sticking point of the elastomer in the semiconducting composition thereby preventing agglomeration 
and sticking of the granules or pellets such that a free flowing material is achieved. A reduction in the loss of peroxide 
commonly observed with pure liquid organic peroxides is also achieved due to the reduced volatility of the peroxide 
blend. Also, the use of dicumyl peroxide, which is often used in peroxide blends, is avoided and the scorch resistance 
of the semiconducting composition during extrusion is improved. Another advantage is that the invention can be used 
for strippable semiconducting compositions which contain sticky elastomers thereby reducing the number of peroxide 
systems utilized to accommodate different semiconducting shield compositions: 

[0026] The term "surrounded" as it applies to a substrate being surrounded by an insulating composition, jacketing 
material, or other cable layer is considered to include extruding around the substrate: coating the substrate: or wrapping 
around the substrate as is well known by those skilled in the art. The substrate can include, for example, a core including 
a conductor or a bundle of conductors, or various underlying cable layers as noted above. 

[0027] All molecular weights mentioned in this specification are weight average molecular weights unless otherwise 
designated 

[0028] The patents mentioned in this specification are incorporated by reference herein 
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[0029] The invention is illustrated by the following examples. 
Examples 1 to 3 

rr;rc~ 2e po,n ' and me,t po,n * - ^ ^ °< w 

a 2.5 centimeter diameter glass test t^ein a 72 M ZShT ^ ' S 6006 by me ' tin9 3 20 9 ram sam P'* in 
stirring it with a thermometer. Seed Z a« Sdedt «h ^I^ Mm P' e,S,hena,tow ^to cool slowly in air while 
present on the side of the test tube ^^Jf^^""" °I S 9 "* PW " tkte8 * ^ 3re 001 a,read V 
slightly cloudy. This temperature is caMed the S^nl h * " hk!h ,he Sam P le beco ™s hazy, or 

organic peroxide blend begins For the pu^ose o! the L FT? *" ,empera,ure whe "* crystal.iza.ion of the 
be called the "freeze ^ViuZ^SS^ oHhe samlT ,nVention ' ,he P** temperature will 
longer be seen inside the column of organ* p^ oxide This Zltf " T - WNCh ,he ,he "™™<e' can no 
so.,d,t,ca„on temperature for ,he organ^erS blend ' empera,Ure ' S Ca,,ed * e " c '°^ point" and represents the 
[0032] The same sample is then warmed slowly with heated watpr Tho lom^ . 

cloudy is called the "haze free point" With tmLTZaUnl Z -1 T " e ,em ? era,Ure at «*>«h the solution is no longer 

the lowest tomporaturo to wh,ch the peroxide ca^bc cold wftho t^"***"*"- Th * Point represents 
pellets during the incorporation of the pe^e into ^£.^ 7^ ™ 9 ^ ^ ° U,SidC °' ,h ° 9M * " 
a. which an elastomer must be mainta.ned in order PO,^, ' S a ' S ° ,he minimum 'smperature 

or b.ending.process, pel.ets of an •S^^SZ^m? 9 ™. UOm '° rmin 9 c ^ al * a soaking 

perature until the organ, perox.de is aZbed b * ^^^SETT** ^ ^ ^ " * tSm 
point, absorption of the organic perox.de will not ^ccur tnd c^.li^ Poller temperature is near or below the freeze 
form during a blending or soaking procJp^Tv^J^ ? J? CryS,a ' S °' P6r ° Xide *** 
lems if the crystals accumulate and are noi Jemovec ^ prope^y ' ***** Q ° XM S ^ »**- 

^^^^ ^g temperature for the e.astomer. , f 

Sp-^ The m e ta,ara ratio is the 

atures are measured using the method described above ' S ° pr ° Py,)ben2ene The freeze po.ntand melt point temper- 
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Ex. Nc. 


Bis(alpha-t-butyl peroxy 
i isopropyl)benzene 


t-butyl cumyl 
peroxide 


dicumyl peroxide 


Freeze Point 


Melt Point 


Meta: Para isomer 

1 allvj. Wi /O 


Wt °,o 


Wt°/o 


Wt% 


t°C) 


CO 


4 




1 nn 
1 uu 


0 


0 


46 


54 


5 


67:33 


90 


10 


0 


40 


49 


5 


67:33 


80 


20 


0 


36 


46 


7 


67:33 


70 


30 


0 


32 


41 




67:33 


60 


40 


0 


27 


37 


c 


67:33 


50 


50 


0 


20 


32 


10 


67:33 


40 


60 


0 


15 


25 


11 


78:22 


100 


0 


0 


37 


44 


13 


78:22 


60 


40 


0 


17 


25 


12 


78:22 


50 


50 


0 


9 


20 


15 


67:33 


40 


0 


60 


20 


43 


15 


78:22 


70 


0 


30 


19 


36 



2S [0038] These comparative experiments show that when the commercial isomer weight ratio of 67:33 meta:para for 
bis'alpha-t-butyl peroxy isopropyl)bcnzcnc is mixed with liquid organic peroxide, approximately 35 to 40 wt% t-butyl 
cumyl peroxide must be added in order to obtain a freeze point temperature less than 30 degrees C and a melt point 
less than 40 degrees C. Comparative examples 15 and 16 show the melt point behavior of bis(alpha-t-butyl peroxy 
isopropyl)benzene and dicumyl peroxide. 

30 

Examples 17 and 18 

[0039] These examples show the reduced volatility of the t-butyl cumyl peroxide when added at the low concentration 
of 20 weight percent to bis(alpha-t-butyl peroxy isopropyl)benzene (Example No. 2) when subjected to high temperature 
35 drying. 

[0040] These formulations are prepared by adding the organic peroxides to pellets of a semiconducting elastomer 
with a dry blending process. The formulations shown are in weight percent with respect to the weight of the final 
compos lion. 
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Example No. 


17 


18 


Ethylone/Ethyl Aery late Copolymer (18 wt% ethyl acrylate) 


59.6 


59.5 


Carbon Black 


38 


38 


polymerized 2.2,4-trimethyl-1 ,2-dihydroquinoline 


1.0 


1.0 


peroxide blend Example 4 


1.4 


0.0 


peroxide blend Example 2 


0.0 


1.5 



[0041] The compositions used for examples 17 and 18 are then subjected to dehumidified hopper drying at 70 de- 
grees C for up to 1 2 hours. Dehumidified hopper drying is the process by which pellets of sem conductive compounds 
are dried in an open ended hopper with forced air that is heated and dehumidified with a desiccant bed to a dew point 
of about minus 40 degrees C. This practice is commonly used prior to extrusion of semiconducting conductor shield 
compositions to remove residual moisture from the material. When volatile organic peroxides are used, there is gen- 
erally a safety concern with this practice as the volatile organic peroxide will be removed from the polymer compound 
and either emitted into the ambient air or collected on the desiccant bed. 
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Example No. 

Drying Time al 70°C (hours) 



MDR MH (Ibs-in) 



Wt% t-buty) cu myl peroxide ~ 

Wt% meta bis(alpha-t-butyl peroxy isopropyilbenzenp 



Wt% para bis(alpha-t-butyl peroxy isopropyDbenzene 



17 



12.0 
0 



0.9 



0.5 



17 



12 2 



0.8 



0.4 



17 
6 
12.4 



0.8 



0.5 



17 
12 



6.9 



0 5 



0.4 



20 



Example No. 
Drying Time at 70°C (hours) 
MDR MH (Ibs-in) 


1 18 
0 
130 


18 
2 
137 


18 
6 

13.8 


16 
12 
12 0 


Wt% 1-butyJ cumyl peroxide 

Wt% meta bis(alpha-t-butyl peroxy isopropyl)benzene 


0.3 


0.3 


0.3 


0.1 


Wt% para b,s(alpha-t-butyl peroxy iso P ropyl)bonzcnc 


0.9 
0.2 


0.9 
0.2 J 


0.9 
0.3 


0.9 
0.3 
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Collate, to* condita, „ sod ,„ cur „ „' ,™ » » '° "»> °>»' "~< « U, p.,oxld= in ,„. polyTO „ 
Examples 19 to 23 

K^»5^^ SXTS y o°' ,iquid cumyl — — — - - <ow 

concentration of .he liquid peroxide b ' s < al P"a-t-bu,y. peroxy .sopropyl)benzene compared to blends higheMn 

r COndUC " n9 ™ ° n 3 2 - "* The 
These granu.es are p.aced in a single layer on me bottom oTaSTrl V*"*™"* 2 to 4 ™'«™ters in diameter 
40 degrees C for , ,o 7 days. The d'egree of cl ^J^^Z^ T '° ^ tem P e — °' 

-nstrument, using the same test method as described n ExamS T? to n» aT ' m6aSUred W ' ,h 30 MDR - 2000 
-nd.cates loss of peroxide due to volatilization txa ™P'es 17 to 18 A decrease in the maximum torque, MH 

[004*, The components are in weigh, percent with respect to the weigh, o, the final composition. 
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(continued) 



Example No 


19 


20 


21 


22 


23 


bisialpha-t-butyl peroxy isopropyl)benzene (meta:para = 78:22 wt%) 


1 6 


1.3 


1.2 


0.8 


0.0 


t-butyl cumyl peroxide 


00 


0:1 


0.4 


0.8 


1.6 














Original MDR MH (Ibs-in) 


9.8 


9.0 


9.4 


10.8 


7.5 


MH (Ibs-in) Aged 2300 : 1 day 


10.2 


9.6 


10.3 


9.8 


7.4 


MH (Ibs-in) Aged 23°C, 3 days 


10.2 


9.7 


9.9 


9.2 


6.7 


MH (Ibs-in) Aged 23°C, 7 days 


10.2 


9.7 


8.8 


7 3 


52 














MH (Ibs-in) Aged 40°C : 1 day 


9.9 


9.0 


e.2 


7.1 


3.4 


MH (Ibs-in) Aged 40°C, 3 day 


9.3 


8.5 


7.0 


4.2 


4.1 


MH (Ibs-in) Aged 40°C, 7 day 


7 7 


7.0 


4.5 


3.6 


1.6 



[0049] Examples 1 9 and 20 show very similar stability of the MDR MH versus aging time at both 23 and 40 degrees 
C. At higher ra.ios of the liquid organic peroxide, t-bulyl cumyl peroxide, the MH decreases very quickly. For the example 
with pure t-butyl cumyl peroxide (Example 23), the majority of the peroxide has evaporated after one day at 40 degrees 
C. These examples show the advantage of tower volatilization of the liquid organic peroxide component when added 
in small amounts to a normally solid organic peroxide. 



Examples 24 to 26 

[0050] The following examples are prepared by mixing the peroxide into a semiconducting composition, based upon 
a sticky elastomer using a 2-roll mill. The degree of cure on the samples is measured with an MDR-2000 instrument 
at 182 degrees C and is shown as MH The 1 40 degrees C scorch times, ts1 and ts2, the times required for the torque 
to rise 1 and 2 pounds-inch above the minimum torque, are measured with the MDR-2000 instrument. Test conditions 
used with the MDR-2000 for scorch tests are: 140 degrees C temperature: 0.5 degree arc; 100 cycles per minute 
oscillation: 60 minutes test time. A longer scorch time (ts1 and ts2) indicates improved processability during extrusion. 



Example No. 


24 


25 


26 


Ethylene/ Vinyl Acetate . Copolymer. 33 wt% VA 


42.8 


42.9 


43 


Carbon Black 


34 


34 


34 


Nitrile Rubber 


18 


18 


18 


Processing aids (metal stearates and oxides) 


3.2 


3.2 


3.2 


Diphenylamine derivative (antioxidant) 


0.8 I 


0.8 


0.8 










Peroxide from Example No. 


15 


16 


2 


bis(alpha-t-butyl peroxy isopropyl)benzene (meta:para = 67:33 wt%) 


0.5 


0.0 


0.0 


bis(alpha-t-butyl peroxy isopropyl)benzene (meta:para = 78:22 wt%) 


0.0 


0.B 


0.8 


dicumyl peroxide 


0.7 


0.3 


0.0 


t-butyl cumyl peroxide 


0.0 


0.0 


0.2 










MDR MH at 182 °C (Ibs-in) 


12.9 


13.B 


13.6 


MDR ts1 at 140°C (min.) 


12 


15 


19 



EP 0 921 530 A1 



{continued) 



Example No. ~ " 


24 


25 


26 


MDR ts2at 140°C (mm ) 


23 


28 


35 
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Claims 



at minus 10 to plus 25 degrees Celsius. 9 P erox, de, whch perox.de is (.quid 

porpsnl by vve.gh, P 9 ' " y "" S ' 9h ' 800 lh « ^ P«°>"°P » pn»«il in an amount of 1 5 lo 25 
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